Purpose: College students were surveyed to identify their knowledge of, and sources of education for, the effects of noise to hearing health and to determine their efforts at hearing conservation. Method: A questionnaire was developed to assess college students' noise exposure and hearing conservation practices, the educational sources from which they receive information, and their overall knowledge concerning the effects of noise to hearing. Results: The questionnaire was completed by 329 undergraduate-and graduate-level students of various educational concentrations. Respondents were >18 years (M age = 21 years); approximately one fourth (27%) were majors of communication sciences and disorders (CSD). Most respondents (>85%) reported exposure to potentially damaging levels of noise, with approximately half (51%) reporting temporary tinnitus immediately after exposure to loud noise. However, the large majority (80%), including CSD majors, reported almost never using hearing protection. There was no significant difference (p = >0.05) in the use of hearing protection, spending time at noisy locations, or participating in noisy recreational activities between the categories of gender, academic level (graduate or undergraduate), and major (CSD or other).
ABSTRACT: Purpose: College students were surveyed to identify their knowledge of, and sources of education for, the effects of noise to hearing health and to determine their efforts at hearing conservation. Method: A questionnaire was developed to assess college students' noise exposure and hearing conservation practices, the educational sources from which they receive information, and their overall knowledge concerning the effects of noise to hearing. Results: The questionnaire was completed by 329 undergraduate-and graduate-level students of various educational concentrations. Respondents were >18 years (M age = 21 years); approximately one fourth (27%) were majors of communication sciences and disorders (CSD). Most respondents (>85%) reported exposure to potentially damaging levels of noise, with approximately half (51%) reporting temporary tinnitus immediately after exposure to loud noise. However, the large majority (80%), including CSD majors, reported almost never using hearing protection. There was no significant difference (p = >0.05) in the use of hearing protection, spending time at noisy locations, or participating in noisy recreational activities between the categories of gender, academic level (graduate or undergraduate), and major (CSD or other). Although almost all of the participants (96%) knew that excessive noise can cause hearing loss, the majority were unaware of the type of damage it can cause to the anatomical structures of the ear (86%) and the potential impact it can have on communication and other developmental factors (57%). CSD majors correctly answered questions concerning the effects of noise to hearing significantly (p < 0.0001) more than nonmajors. Approximately half (48%) of the students reportedly received their information on noise exposure from noneducational sources; less than one third (28%) reported receiving noise education at the elementary school level. Conclusion: The inaccuracies in college students' knowledge concerning the effects of noise to the ear may be explained by inefficient education in this area and may also serve to explain the failure of most students to use hearing protection. Early and consistent educational programs on hearing health and conservation are needed, particularly at the elementary school level.
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Exposure to excessive noise is intrinsically present in various aspects of the average American home. Normal operation of many power tools (e.g., leaf blowers and lawnmowers) and household appliances (e.g., hairdryers, garbage disposals, and vacuum cleaners) can expose individuals to potentially hazardous loud sound levels on a frequent basis. In addition, televisions, stereo systems, and computer games may be operated at maximum sound levels, creating potential difficulty for family members to have conversations at a normal volume or hear the telephone ring in an adjacent room (Center for Hearing and Communication, 2013) . The pediatric population can also be exposed to unsafe noise levels while at home or in daycare facilities or school through a variety of popular toys such as musical toy instruments, squeeze toys, and battery-operated games that emit sounds (Hellstrom, Dengerink, & Axelsson, 1992) .
Excessive noise exposure is similarly prevalent in the various recreational activities and locations that are typically part of one's social life. Frequent exposure to loud levels of music by playing an instrument, attending live concerts, and/or listening to a car radio can expose children and adults to hazardous noise (Brookhouser, Worthington, & Kelly 1992) . Potentially damaging sound levels can also be experienced in movie theaters, dance clubs, bars, sporting events, and exercise centers. In addition, excessive noise exposure may be encountered during travel in heavy automobile traffic or in transportation methods such as motorcycles, airplanes, subways, and trains (Dalton et al., 2001) .
The recreational use of personal listening devices (PLDs) such as iPods and MP3 players is increasingly common and may expose individuals to unsafe listening levels (Vogel, Verschuure, van der Ploeg, Brug, & Raat, 2009 ). Over the past 5 years, four times as many children and adolescents reported owning iPods and MP3 devices (American Speech-Language-Hearing Association [ASHA], 2013b). More than 50% of students in a New York City college were found to listen to their PLDs with headphones above 85 decibels, which can potentially cause permanent damage to one's hearing (Levey, Levey, & Fligor, 2011) . Current PLDs have potential maximum output levels up to 126 dBA dependent on the listening mode choice, with higher output levels for ear inserts as opposed to headphones (Keith, Michaud, & Chiu, 2008) . In addition, PLDs provide numerous music choices that are readily accessible for uninterrupted, extensive periods of use, which greatly enhances the duration of adolescent and adult exposure to these potentially unhealthy levels of noise.
Certain preliminary signs and symptoms typically accompany the presence of NIHL. Tinnitus is often perceived immediately after exposure to an excessive noise source (Prescod, 1978) . Tinnitus may subside after the initial trauma of the exposure or may persist in addition to hearing loss. Temporary threshold shift (TTS) is the reduction in hearing sensitivity that directly occurs after prolonged exposure to highintensity noise (Alberti, 1987) ; it typically resolves after a rest period of 48 hr from the problematic noise source. With continuous exposure to noise, permanent hearing loss may eventually develop in the 3,000 Hz-6,000 Hz high-frequency hearing range, with 4,000 Hz showing the greatest loss in the earliest stages. Because the initial affected frequencies are outside the critical speech band and are gradual, the hearing loss often goes unnoticed until its severity increases and communication becomes more difficult (Feuerstein & Chasin, 2009) .
Studies have reported an increase in hearing loss in children and adolescents over the past two decades, particularly in the high-frequency regions (Shargorodsky, Curhan, Curhan, & Eavey, 2010) . Education on the hazards of noise and the potential effects to hearing is necessary for individuals throughout the lifespan, and early education for children is particularly important (Serpanos & Berg, 2012) . However, hearing conservation in the school setting is geared more toward the identification and prevention of educationally significant hearing loss (Arthur, 1994) . It should also address the beginning signs of NIHL (Haller & Montgomery, 2004) .
Several organizations and institutions have addressed the increase in childhood hearing loss through widespread campaigns emphasizing noise prevention, including The National Hearing Conservation Association's "Crank It Down!"; the Oregon Hearing Research Center's "Dangerous Decibels"; the Military Audiology Association's "Operation BANG [Be Aware of Noise Generation]"; NIDCD's "Wise Ears"; ASHA's "Listen to Your Buds"; and AAA's "Turn It to the Left" (AAA, 2013; ASHA, 2013a; Folmer, Griest, & Martin, 2002) .
There is evidence that educational efforts on the effects of excessive noise to hearing have been ineffective. A survey of 115 college students that was conducted more than 25 years ago in a 2-year period (1986) (1987) (1988) by Lass, Woodford, and Everly-Myers (1990) revealed deficiencies in the knowledge of the effects of noise to hearing and the limited use of hearing protection, despite the fact that the majority of respondents reported exposure to potentially damaging sources of noise. Lass et al. concluded that further information on hearing health and the effects of noise to hearing on college campuses was needed. More current investigations (see following paragraphs) involving college and high school students revealed that little has changed in the knowledge and behaviors related to noise and hearing protection among young adults and adolescents. Holmes, Widen, Erlandsson, Carver, and White (2007) reported that a survey of 245 college-age participants revealed a fairly neutral overall attitude toward noise and limited consistent use of hearing protection. Rawool and Colligon-Wayne (2008) noted that although 75% of 238 college students surveyed knew that loud sound exposure could cause hearing loss, half were being exposed to potentially damaging levels of music, and 76% believed that they would not acquire hearing loss until an older age. In another survey of college students, Danhauer et al. (2009) found that most of the students had general knowledge about hearing health but needed further education on the symptoms and prevention of hearing loss. Widen, Holmes, Johnson, Bohlin, and Erlandsson (2009) noted hearing risk-taking behaviors and a low use of hearing protection (≤3%) among 258 students ages 17-21 years, particularly while attending loud music venues.
Studies on college students majoring in areas that expose hearing to excessive sound levels such as music (Callahan, Lass, Foster, Poe, Steinberg, & Duffe, 2011) or in forestry and wildlife management (Callahan, Lass, Martinelli, & Bell, 2014 ) also indicate an inconsistent use of hearing protection and a need for further education on noise education and protection. In contrast, Chesky, Pair, Lanford, and Yoshimura (2009) found in a survey of 467 college students that music majors were more likely than nonmajors to have negative perceptions of sounds that pose a risk to hearing and to take actions to minimize exposure. Callahan et al. (2012) found that an educational seminar on NIHL for collegiate musicians improved the students' knowledge of the characteristics and treatment of NIHL and the benefits of hearing protection.
In a Web survey of 9,693 adolescents and young adults that was conducted by Chung, Des Roches, Meunier, and Eavey (2005) , only 8% of the respondents defined hearing loss as "a very big problem" as compared with other health issues such as sexually transmitted diseases (50%), alcohol/drug use (47%), smoking (45%), or depression (44%). Only 14% of the respondents reported using hearing protection, and although only 16% reported participating in a hearing health curriculum, those with education on hearing loss demonstrated a higher likelihood to acknowledge the detrimental consequences of excessive noise exposure and to wear hearing protection (Chung et al., 2005) .
A recent survey by Danhauer et al. (2012) of more than 100 high school students revealed that most of the students needed education on hearing health, loss, and prevention. Weichbold and Zorowka (2003) found that a hearing protection educational campaign had little effect in improving hearing protective behavior in a group of 169 (M age = 16.9 years) high school students.
Because previous research findings suggest a weakness in the knowledge of adolescents and young adults regarding the effects of noise to hearing, investigation into the sources of education on this area should be conducted in order to identify and remedy existing educational efforts. We decided to survey the education and knowledge of noise exposure, hearing loss, and hearing conservation in college students. Specifically, we aimed to identify the sources of education on the effects of noise to hearing health and to determine hearing conservation efforts in young adults. Information from this survey will be useful in determining potential areas of weakness in order to improve on educational efforts in hearing conservation in children and young adults.
MEtHoD
We developed a questionnaire to assess (a) college students' noise exposure and their hearing conservation practices, (b) the educational sources from which they receive information, and (c) their overall knowledge of the effects of noise to hearing. The questionnaire addresses three categories and consists of 15 questions using checklists, yes/no, true/false, and numeric rating formats (see Appendix). The first section asks demographic questions regarding the students' age, gender, academic level, and major.
"Part I. Hearing History and Exposure to Noise" includes questions on the students' hearing status, presence of hearing-related problems such as tinnitus or exposure to noise, and use of PLDs (e.g., iPod or other type of MP3 player) and hearing protection. "Part II. Awareness of Noise-Induced Hearing Loss" addresses the potential sources (educational or noneducational) through which students receive information on the effects of noise exposure and/or NIHL. "Part III. Knowledge of Noise-Induced Hearing Loss" includes basic questions regarding the students' knowledge of noise exposure, NIHL, and the auditory mechanism.
Participants of this study were adult undergraduate or graduate students at Adelphi University in Garden City, NY. The student participants were solicited from various majors and educational backgrounds, including the communication sciences and disorders (CSD) program. The questionnaire was distributed over a two-semester period (fall 2011 and spring 2012) just before a scheduled class time or randomly to students outside of the classroom on campus. The confidentiality and anonymity of respondents were maintained. Surveys were tracked numerically to prevent identifiers that could be linked to individuals. This study received full exemption from Adelphi University's Institutional Review Board.
We used descriptive statistics to report on prevalence data and used contingency coefficients to assess age across variables. Composite scores were obtained within the categories of questions, and differences in gender (male or female), academic level (graduate or undergraduate), and major (CSD or other) were analyzed using unpaired t tests. Single-item questions across gender, academic level, and major were analyzed using a single factor analysis of variance (ANOVA). Differences in items on "knowledge of NIHL" were analyzed using the chi-square statistic. A probability level of p < 0.05 was used to determine the statistical significance of the outcomes.
RESuLtS
A total of 329 students who were 18 years of age or older (M age = 21 years; range = 18-57 years) completed the questionnaire. Respondents included 240 (73%) females and 85 (26%) males (four individuals did not identify gender); 275 (84%) undergraduate students and 53 (16%) graduate students (1 unspecified). The majority, 232 (71%), of the students were from various educational backgrounds: 90 (27%) students were CSD majors, 7 did not specify. Demographics on each respondent's age, gender, academic level, and major are provided in Table 1 . The complete outcomes for each item on the questionnaire are presented in the Appendix. Following is a summary of the major findings for each specific section of the survey assessment.
Part I. Hearing History and Exposure to Noise
• Two percent of the respondents reported having a diagnosed hearing loss.
• The large majority (87%) of respondents indicated that they own and frequently listen to music via a PLD such as an iPod or other type of MP3 player. Approximately half (52%) of these respondents reported listening to their PLDs for less than 1 hr daily; 39% listen for 1 to 3 hr. The majority (78%) of respondents indicated that they listen through ear insert-type transducers.
• Almost all of the respondents (96%) indicated that they listen to music from a stereo system and/or a computer; the majority (57%) listen for 1 to 3 hr daily, and approximately one third (31%) listen for less than 1 hr.
• Regarding the questions on hearing and or hearing-related problems, nearly one half (51%) of the respondents reported having experienced temporary ringing or buzzing in the ears immediately after exposure to loud noise.
• The large majority (80%) of respondents reported almost never using hearing protection; only 2% reported using hearing protection very frequently.
• CSD majors (77%) were just as unlikely to use hearing protection as nonmajors.
• Age was not correlated with the use of hearing protection, r(262) = 0.02, p = 0.77, and there was no significant difference in use by gender, F(1, 323) , 1.57, p = 0.21; academic level, F(1, 326) = 0.19, p = 0.66; or major, F(1, 320) = 0.05, p = 0.82.
• Approximately one tenth (11%) of the respondents strongly agreed that they do not use hearing protection when listening to loud noise because they are not concerned that it will affect their hearing. Approximately one third (34%) indicated a neutral opinion on this topic; 39% either disagreed or strongly disagreed with this statement.
• In response to the amount of time spent in noisy locations, the greatest number of respondents reported spending some time to very frequently spending time at movie theaters (85%), bars/ clubs (64%), exercise facilities (63%), music concerts (62%), sporting events (47%), and dances (41%). There was no significant difference in time spent in noisy locations by gender, t(16) = 2.12, p = 0.91; academic level, t(16) = 2.12, p = 0.76; or major, t(16) = 2.12, p = 0.91.
• More than one third of the respondents reported some participation to very frequently participating in the following noisy recreational activities: sports (42%), video games (40%), and playing an instrument (35%). There was no significant difference in participation in noisy recreational activities by gender, t(14) = -2.15, p = 0.15; academic level, t(14) = 2.15, p = 0.07; or major, t(14) = 2.15, p = 0.17.
Part II. Awareness of NIHL
The most common sources from which the respondents reported receiving information on the effects of noise exposure and/or NIHL were parents/relatives/ peers (48%), high school education (46%), and the Internet (31%); 28% reported receiving this information in elementary school. Several respondents (18%) reported that they had never been educated on the effects of noise exposure and/or NIHL before completing this questionnaire.
Part III. Knowledge of NIHL
• Almost all (96%) of the respondents correctly knew that repeated and prolonged exposure to loud noises can cause irreversible hearing loss.
• The large majority (86%) of respondents incorrectly believed that frequent exposure to hazardous noise causes hearing loss due to a damaged eardrum. Three times as many CSD majors (28%) answered correctly as opposed to respondents of other educational backgrounds (9%). A statistically significant relationship was found for CSD majors and a correct response, c 2 (1) = 17.41, p < .0001.
• More than three fourths (78%) of the respondents correctly knew that NIHL results from both the loudness of the noise and the duration of exposure. Two thirds (65%) of the respondents incorrectly identified NIHL as a type of conductive hearing loss. The number of CSD majors (51%) who answered this question correctly was more than double those from other educational backgrounds (25%). A statistically significant relationship was found for CSD majors and a correct response, c 2 (1) = 18.7, p < .0001.
• More than half (57%) of the respondents incorrectly believed that a significant amount of hearing loss must occur to negatively affect one's speech, language comprehension, overall communication, academic learning, and social development. Almost half (49%) of the CSD majors answered this question correctly; a little more than one third (38%) of non-CSD majors answered it correctly. The relationship between CSD major and a correct response was not statistically significant, c 2 (1) = 2.49, p = 0.12, for this question.
• Almost all (93%) of the respondents knew that one of the most common causes of hearing loss is excessive noise exposure.
DiSCuSSioN
The results of this survey indicate a disparate relationship between college students' knowledge of NIHL and their use of hearing conservation practices.
Outcomes regarding their knowledge of NIHL revealed that almost all of the students (>93%) knew that repeated and prolonged exposure to noise can cause irreversible hearing loss and that excessive noise exposure is one of the most common causes of hearing loss. Despite this awareness, these students continued to exhibit risk-taking behaviors in relation to noise exposure. Responses regarding hearing history and noise exposure revealed that the large majority (80%) of students reported almost never using hearing protection, and this percentage was just as large in CSD majors (77%). No significant differences (p > 0.05) were found for gender, academic level (graduate or undergraduate), or major (CSD or other), and there was no correlation (p > 0.05) with the use of hearing protection by age. Minimal use of hearing protection among young adults has been reported previously (Callahan et al., 2011 (Callahan et al., , 2014 Holmes et al., 2007; Widen et al., 2009) .
Despite rarely using hearing protection, the large majority of students reported (a) exposure to potentially damaging levels of noise through the use of PLDs (87%) and stereo systems/computers (96%) to listen to music; (b) spending time at noisy locations (>60%) such as movie theaters, bars/clubs, exercise facilities, music concerts; and (c) participating in noisy recreational activities (>30%) such as sports, video games, and playing an instrument. There was no significant difference (p > 0.05) in gender, academic level, or major in the amount of time spent at noisy locations or participation in noisy recreational activities.
More than half of the students (51%) reported experiencing temporary tinnitus immediately after exposure to loud noise, which would be a sign of the effect of excessive noise to hearing. The large majority (73%) of students indicated a neutral opinion or disagreement with the statement that they do not use hearing protection when listening to loud noise because they are not concerned that it will affect their hearing. Although the students indicated a concern for the effect of loud noise to hearing, they did not necessarily see the need to use hearing protection; only 2% indicated that they very frequently used hearing protection.
The findings of this survey also show that the majority of students are unaware of the type of damage that excessive noise can cause to the anatomical structures of the ear and the potential impact it can have on communication and other developmental factors. For example, the large majority (86%) of students incorrectly believed that NIHL results from a damaged eardrum, whereas approximately two thirds (65%) of the students inaccurately identified NIHL as a conductive rather than sensorineural hearing loss, and more than half (57%) incorrectly believed that a hearing loss must be of a significant amount to negatively affect speech, language comprehension, overall communication, academic learning, and social development. CSD majors were significantly (p < 0.001) more likely to respond correctly to these questions. Other studies have also reported limited knowledge of the effects of noise to hearing in young adults (Callahan et al., 2011 (Callahan et al., , 2014 Danhauer et al., 2009; Rawool & Colligon-Wayne, 2008) . The inaccuracies in knowledge of NIHL in this study may be explained by inefficient education in this area and may also serve to explain the failure to use hearing protection by most of the students.
Despite prior recommendations on educating children as early as possible on the hazards of excessive noise in order to prevent permanent NIHL (e.g., Folmer et al., 2002) , this survey affirmed that minimal educational effort is occurring at the elementary school level. Approximately half of the students (48%) reportedly received their information on noise exposure from a noneducational source (e.g., parents, relatives, and/or peers). In terms of educational sources, participants received information on hearing health and noise exposure least from an elementary school source (28%) and most from high school (46%). In contrast to findings in the current study, Callahan et al. (2014) found that 76% of 344 college-age students received prior hearing health education and reported the most common educational sources as high school (48.4%), junior high school/middle school (42.6%), and/or elementary school (41.1%). This may be a reflection of varying educational practices on hearing health education and conservation across geographic regions. Unfortunately, by the time students reach high school, most have likely already developed poor listening habits and have been participating in a majority of the risk-taking behaviors associated with noise exposure for several years; therefore, unless the educational effort is conducted earlier, it may not be as effective in NIHL prevention.
Conclusion
The results of this survey indicated a disparate relationship between college students' knowledge of NIHL and their use of hearing conservation practices. These findings are similar to those reported previously by Lass et al. (1990) and in more current investigations (e.g., Callahan et al., 2011 Callahan et al., , 2014 Danhauer et al., 2009; Holmes et al., 2007; Rawool & Colligon-Wayne, 2008; Widen et al., 2009 ), suggesting that minimal improvement in hearing education and conservation practices has occurred over a 25-year period.
The inaccuracies in college students' knowledge of the effects of noise to the ear may be explained by insufficient education in this area and may also serve to explain the failure to use hearing protection by most of the students. Hearing conservation programs must be consistently implemented in the elementary school curriculum to cover basic information on hearing health, the dangers and permanent effects of NIHL, and preventive strategies such as turning down the volume and proper use of hearing protection. In general, improvements on the effectiveness of hearing conservation programs across the lifespan must occur to instill sustaining efforts toward prevention and reduce risk-taking behaviors in relation to noise exposure. 7. I attend or spend time at any of these "noisy"
locations. (Check all that apply) Please determine the frequency in which you do so by circling the correct number. 
